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The inactivation kinetics of the enzymes peroxidase, polyphenoloxidase and inulinase and changes in the
color parameters L⁄, a⁄ and b⁄ of garlic cloves cut in slices, were studied during steam blanching at 100 C
and water at 80 and 90 C. The garlic cloves were peeled, cut into slices and distributed uniformly in
metal baskets and one batch placed in an autoclave generating steam at a temperature of 100 C; and
the others in water baths at 80 and 90 C. The best blanching conditions were in steam for 4 min, where
no changes in texture were observed, and the enzymatic activities were reduced by 93.53%, 92.15% and
81.96% for peroxidase, polyphenoloxidase and inulinase, respectively. Under these conditions the inulin
concentration reduced by 3.72%. The color parameter L⁄ increased with increase in blanching time, the
samples becoming lighter in color, and the parameters a⁄ and b⁄ decreased, obtaining slices that were
greener and bluer.
Published by Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Garlic (Allium sativum L.) is classiﬁed as an energetic food, the
principal chemical constituents being allicin, carbohydrates, phos-
phoric and sulfuric acids, proteins and mineral salts (Rahman and
Lowe, 2006). Allicin is responsible for the characteristic odor and
the antimicrobial, anti-inﬂammatory, anti-thrombosis, anti-cancer
and anti-atherosclerosis activities and also for the antioxidant effect
(Rabinkov et al., 1998). One of the carbohydrates present is inulin,
which belongs to the group of polysaccharides called fructans.
Inulin is found as a reserve carbohydrate in various vegetables,
fruits and cereals, including garlic, chicory, artichokes and yacon. It
is classiﬁed as a prebiotic substance and used in a wide variety of
food products since it presents excellent technological attributes,
for exampleasa fat substituteandasdietaryﬁber (Roberfroid,1993).
When partially hydrolyzed, inulin produces an extensive group
of different compounds with an Fn structure such as: inulobiose
(F2), inulotriose (F3) and inulotetraose (F4), and GFn compounds
such as: sucrose (GF), kestose (GF2), nistose (GF3) and fructofur-
anosyl nystose (GF4), which maintain their prebiotic properties
(Ronkarta et al., 2007).
These oligosaccharides are not hydrolyzed by the digestive en-
zymes of the small intestine, and, as a consequence, do not increase
glycemic index or the blood inulin levels, being ideal for diabetics
(Leonel et al., 2006). The loss of activity of inulinase has been ob-
served at temperatures above 70 C (Sharma et al., 2006) where.
 the Elsevier OA license.the catalytic activity is destroyed, thus maintaining the integrity
of the inulin (Böhm et al., 2005).
Heat inactivation of the enzymes is fundamental due to the
importance of preserving the color of the raw material before
any transformation (Ndiaye et al., 2009). In the case of garlic, after
peeling, the cloves are exposed to the environment and suffer
undesirable changes in quality, such as rapid browning (Mayer,
2006). Polyphenoloxidase is responsible for the appearance of
brown substances due to oxidative polymerization of the quinones,
which can be avoided using methods such as heat treatment and
pH changes (Schweiggert et al., 2005).
Prolonged hot water blanching leads to a series of undesirable
alterations in the food including losses of color, ﬂavor and texture.
According to Schweiggert et al. (2005), most of nutrients are solu-
ble in water, resulting in a greater loss during hot water blanching
than during steam blanching.
The objective of the present work is to study the inactivation
kinetics of the enzymes peroxidase (POD), polyphenoloxidase
(PPO) and inulinase, and the variation in color of garlic slices during
water blanching at 80 and 90 C and steam blanching at 100 C, for
different times. The concentrations of inulin, glucose and fructose
in the garlic with and without blanching were also investigated.2. Material and methods
2.1. Material
The garlic (Allium sativum L.), cultivated in the city of Nova
Pádua in the state of Rio Grande do Sul, Brazil, was acquired
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considering the absence of visual injury and infections and also
uniformity of size and color. They were then stored at room tem-
perature (22 ± 2 C) until used.
2.2. Experimental procedure
The garlic cloves were peeled and sliced using a food processor,
presenting diameters and thicknesses of 15 ± 2.40 and
1 ± 0.35 mm, respectively. The samples were then submitted to a
blanching process in which the slices were placed in metal baskets
in water baths containing 2 L of water previously heated to 80 or
90 C. With respect to steam blanching, the slices were uniformly
distributed in metal baskets and placed in an autoclave generating
steam at 100 C and atmospheric pressure. Times of 1, 2, 4, 6, 8 and
10 min were used in both cases. After blanching, the samples were
cooled in an ice bath for 3 min (Agüero et al., 2008). The effects of
blanching time and temperature on the activities of POD, PPO and
inulinase were evaluated at this stage and the color parameters of
L⁄, a⁄ and b⁄ measured. The concentrations of inulin, glucose and
fructose were determined in the samples prepared under the
blanching conditions in water at 80 or 90 C and in steam at 100 C.
2.3. Preparation of the enzyme extracts
Following the methodology of Serradell et al. (2000) the sam-
ples were ground with 0.05 M phosphate buffer (pH 7.0) at a max-
imum of 4 C in a proportion of 1:5 in the case of POD and PPO and
1:1 in the case of inulinase. The suspensions were then vacuum ﬁl-
tered through Whatman number 01 ﬁlter paper to remove larger
particles and the ﬁltrates centrifuged at 1680g for 10 min at 4 C.
The supernatants were again vacuum ﬁltered through Whatman
number 01 ﬁlter paper to obtain the enzyme extracts.
2.4. Peroxidase activity
POD activity was determined using the method described by
Hultin et al. (1966), which consisted of mixing 3 mL enzyme ex-
tract with 5 mL (0.1 M, pH 5.0) phosphate buffer, 0.5 mL (3%, v/v)
hydrogen peroxide and 0.5 mL guaiacol. The mixture was incu-
bated at 30 C for 5 min and 1 mL (30%, w/v) sodium bisulfate then
added to interrupt the enzymatic reaction and the reading carried
out in a UV–visible spectrophotometer (Ultrospec 3100pro) at
470 nm.
2.5. Polyphenoloxidase activity
PPO activity was determined by the method described by Teis-
son (1979) using a UV–visible spectrophotometer (Ultrospec
3100pro). An aliquot of 0.5 mL of enzyme extract was mixed with
1.8 mL (0.05 M, pH 7.0) phosphate buffer and 0.05 mL 10 mM cat-
echol and incubated in a water bath at 30 C for 30 min. An aliquot
of 0.8 mL 2 N perchloric acid was then added to interrupt the enzy-
matic reaction and the absorbance read at 395 nm.
2.6. Inulinase activity
Inulinase activity was determined using the methodology of
Sharma and Gill (2007) with some modiﬁcations. The trial con-
sisted of using 0.4 mL enzyme extract, 0.45 mL (2%, w/v) inulin dis-
solved in 0.1 M citrate–phosphate buffer (pH 6.0) and 0.15 mL
(0.1 M, pH 6.0) citrate–phosphate buffer. The mixture was incu-
bated at 30 C for 1 h and the reaction then interrupted by placing
in a boiling water bath (100 C) for 10 min. One milliliter dinitro-
salicylic acid was then added and the absorbance read in a UV–vis-
ible spectrophotometer (Ultrospec 3100pro) at 570 nm.One unit of enzyme activity was deﬁned as an increase of 0.001
absorbance units per min of reaction at 470, 395 and 570 nm for
peroxidase, polyphenoloxidase and inulinase, respectively, under
the conditions of each assay (Sun and Song, 2003).
2.7. Color measurement
The garlic samples were ground and placed in Petri dishes
(diameter = 5 cm and height = 1 cm) and ﬁlled to the top (Ancos
et al., 1999). The color was measured by direct reading in a Minolta
colorimeter (Chroma Meter CR 410, tristimulus type, 2 observer,
beam diameter of 50 mm, 0 viewing angle and illuminant C, D65
with wide-area illumination) using the tridimensional CIEL⁄a⁄b⁄
system, where L⁄ indicates the luminosity (varying from 0 = black
to 100 = white), a⁄ is a measurement varying from green (60) to
red (+60) and b⁄ varies from blue (60) to yellow (+60). The instru-
ment was calibrated using a white ceramic plate (L⁄ = 97.47;
a⁄ = 0.08; b⁄ = 1.76). The parameters L⁄a⁄b⁄ were used to describe
the Chroma (Eq. (1)), Hue (Eq. (2)), total color difference (DE) (Eq.
(3)) and the browning index (BI) (Eq. (4)) during blanching (Palou
et al., 1999)
Chroma ¼ ða2 þ b2Þ1=2; ð1Þ
Hue ¼ tan1 b

a
 
; ð2Þ
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x ¼ ða
 þ 1:75LÞ
ð5:645L þ a  3:012bÞ ð5Þ
The subscript ‘o’ refers to the reading of the color of the fresh
garlic, used as the reference. DE indicates the change in color of
the samples when compared with fresh garlic.
2.8. Determination of sugars by HPLC
The samples were prepared according to the methodology cited
by Scher et al. (2009) and adapted according to the method pro-
posed by Toneli et al. (2007). Two grams of garlic were ground with
60 mL water at 90 C. The product was heated in a water bath at
80 C for 1 h with constant stirring and the suspension then cooled
to room temperature and centrifuged (Centrifuge 5415R) at 1680g
for 15 min at 25 C. The supernatant was ﬁltered through What-
man n1 ﬁlter paper and the through a 22 lm membrane ﬁlter
and stored at 18 C. For the analysis, the samples were pre-
heated in a water bath at 80 C and then placed in an ultrasonic
bath for 4 min before injection into the HPLC.
The inulin, glucose and fructose contents were determined
using an adaptation of the method described by Zuleta and Sam-
bucetti (2001) by direct determination using high performance li-
quid chromatography (HPLC-RI) with a Perkin Elmer series 200
chromatograph, refractive index detector, water (Milli-Q) as the
mobile phase at 0.6 mL/min, temperature of 80 C, a Phenomenex
Rezex RHM Monosaccharide column (300  7.8 mm) and a total
run time of 13 min.
2.9. Kinetic analysis of enzyme inactivation and browning index
The ﬁrst order biphasic model proposed by Ling and Lund
(1978) was used to describe the kinetics of the heat inactivation
of the enzymes POD, PPO and inulinase and the browning index
(BI). This model consists of the separation into two different groups
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bile and the other heat resistant:
y ¼ aLekLt þ bRekRt ð6Þ
where y represents the value of the residual enzyme activities or the
browning index, kL and kR are the velocity constants of the heat la-
bile and heat resistant components, respectively, aL and bR are the
initial concentrations of the labile and resistant components,
respectively, and t is the blanching time.
The velocity constants of the heat resistant fraction were ob-
tained from a regression analysis of the values for y as a function
of time, which corresponds to the part of the curve (the shallow
straight line portion of the straight line portion, which occurs after
a ﬁnite heating time) where drastic changes in the residual enzyme
activity or browning index did not occur, thus obtaining bR and kR.
Subsequently the values for y of the heat labile fraction, which cor-
respond to the initial blanching times, were corrected by subtract-
ing the values for bR. The velocity constant kL was estimated from
the regression analysis of the values corrected as a function of
time.
2.10. Statistical analysis
ANOVA was used for the statistical analyses and the treatments
compared by way of Tukey’s means multiple comparison test. The
SAS 9.2 program was used for the statistical tests. The kinetic mod-
el parameters (Eq. (6)) were estimated by a non-linear regression
analysis using the Sigma Plot 8.0 program. The SAS 9.2 and STAT-
ISTICA 7.0 statistical packs were used for the principal components
analysis (PCA), which consists of reducing the number of variables
and establishing correlations between the data for the possible
groups.Time (min)
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Fig. 1. Loss of activity for the enzymes peroxidase (a), polyphenoloxidase (b) and
inulinase (c) in garlic after different times and blanching conditions (Unit g1 fresh
sample).3. Results and discussion
3.1. Inactivation of peroxidase and polyphenoloxidase
The peroxidase and polyphenoloxidase activities of the fresh
garlic were 255.33 ± 1.01 and 158 ± 1.06 U g1 fresh sample,
respectively. During blanching both in water at 80 and 90 C and
in steam, the activities of peroxidase and polyphenoloxidase
(Fig. 1a and 1b) decreased with time, the activities decreasing rap-
idly in the ﬁrst min for both enzymes, and then decreased contin-
uously but slowly up to 10 min of blanching.
The activity of the enzyme POD showed no signiﬁcant differ-
ence (p > 0.05) after 4 min blanching in steam or water at 90 C
and after 6 min in water at 80 C. For the enzyme PPO there was
no signiﬁcant difference (p > 0.05) as from 6 min blanching in
steam and water at 90 C and after 8 min in water at 80 C. After
10 min of blanching, the activity of POD decreased to
11.20 ± 1.06, 23.60 ± 0.69 and 14.13 ± 0.83 U g1 fresh sample in
steam, water at 80 C and water at 90 C, respectively, correspond-
ing to activity losses of 95.61%, 90.76% and 94.47%. For PPO the val-
ues decreased to 9.60 ± 1.20, 33.87 ± 0.83 and 13.60 ± 0.40 U g1
fresh sample after 10 min of blanching in steam, water at 80 C
and water at 90 C, respectively, corresponding to activity losses
of 93.92%, 80.24% and 91.39%.
For both enzymes the residual activities were signiﬁcantly dif-
ferent (p < 0.05) for all the temperatures at the same times, with
the exception of polyphenoloxidase after two min, which showed
no signiﬁcant difference (p < 0.05) between blanching in water at
80 and at 90 C. A decrease in residual activity with increase in
temperature was also observed.
No studies related to the inactivation of these enzymes in garlic
were found in the literature, however compared with other sourcessuch as mint (Neves et al., 2009), grape (Rapeanu et al., 2006) and
peach (Garro and Gasull, 2010), the rates of inactivation of the PPO
with increase in temperature were also higher. The same was ob-
served for the enzyme POD in carrot slices, the loss in residual
activity at high temperatures being related to the separation of
the tertiary structure of the enzyme with formation of the second-
ary structure (Shivhare et al., 2009).
Table 1
Contents of the sugars (dry weight basis) in the fresh garlic and in the samples
submitted to different blanching treatments.
Time (min) Inulin (%) Glucose (%) Fructose (%)
Fresh garlic 0 56.62 ± 0.89a 2.37 ± 0.03b 2.23 ± 0.05b
Steam at 100 C 4 52.90 ± 1.16b 3.04 ± 0.06a 2.78 ± 0.07a
Water at 90 C 4 31.74 ± 0.78c 1.38 ± 0.01d 1.30 ± 0.01d
Water at 80 C 6 31.04 ± 0.74c 1.61 ± 0.08c 1.54 ± 0.06c
Values expressed as the mean ± standard deviation.
The same letters in the same column indicate no signiﬁcant difference (p > 0.05).
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enzyme PPO in sunﬂower seeds by blanching in water at 80 C for
15 min, the enzyme activity only started decreasing after 6 min,
and after 15 min of treatment there was still 17% of residual activ-
ity. Zhang et al. (2010) reported that the residual activity of peach
PPO and carrot PPO was 47.28% and 3.43% at 55 C for 60 min,
respectively. In the present study the residual PPO activity in the
garlic blanched in water at 80 C for 10 min was 19.76%. Soysal
(2008) mentioned that variant enzyme thermal stability is a
well-known phenomenon, the activity and property of PPO de-
pends on the source, variety and environmental and physicochem-
ical conditions such as pH and temperature.
In a study of enzyme inactivation carried out by Troiani et al.
(2003) in three different grape cultivars submitted to heat treat-
ment in water at 60 to 75 C, they also failed to completely inacti-
vate the enzymes POD and PPO. The authors reported 35–60%
inactivation for POD and 25–50% for PPO. Ismail and Revathi
(2006), studying the inactivation of POD in green peppers puree
submitted to blanching in water at 90, 95 and 100 C, found that
inactivation was complete at 95 C after 10 min and as from
8 min at 100 C.
In order to obtain vegetables maintaining optimum quality dur-
ing storage, a reduction of 90% of the POD activity after blanching is
recommended (Bahçeci et al., 2005). In the present study, losses of
93.53% and 92.15% of the POD and PPO activities, respectively,
were obtained after 4 min steam blanching.
3.2. Inulinase inactivation
The inulinase activity of the fresh garlic was 20.55 ± 0.09 U g1
fresh sample. A loss of activity with time (Fig. 1c) was observed
during blanching in water at 80 and 90 C and in steam at
100 C, showing a rapid decrease in activity in the ﬁrst min. After
this time the activity continued decreasing, but slowly, up to
10 min of blanching. This behavior was similar to that observed
for the enzymes POD and PPO.
After 8 min of blanching at the three temperatures, the inulin-
ase activity showed no signiﬁcant difference (p > 0.05). After
10 min of blanching, the inulinase activity decreased to
2.48 ± 0.06, 4.78 ± 0.06 and 3.32 ± 0.06 U g1 fresh sample in steam
and water at 80 and 90 C, respectively, corresponding to activity
losses of 87.93%, 76.74% and 83.85%. The residual activity showed
signiﬁcant differences (p < 0.05) for all the temperatures at the
same times, decreasing with increase in temperature.
Inulinase is an enzyme of biotechnological interest and thus
there are many studies on its production. Sharma et al. (2006) pro-
duced inulinase using Streptomyces sp. and garlic as a natural
source of inulin, and studied the effect of heat treatment on the
production of inulinase, observing activity losses of 64% at 60 C
and 67% at 70 C, after 72 h. For Sharma and Gill (2007), the loss
of inulinase activity was 80% after heat treatment at 70 C for
72 h, and 90% at 80 C.
Haraguchi et al. (2006), studied the thermal stability of inulin-
ase at different temperatures for 30 min, in a study on the puriﬁca-
tion of the enzyme, and found that the enzyme was stable at 60 C
and became inactive at 70 C. In the present study, losses of inulin-
ase activity of 72.16%, 78.49% and 81.95% were found after 4 min
blanching in water at 80 and 90 C and steam, respectively.
As from the results for the inactivation of the enzymes POD, PPO
and inulinase, it was veriﬁed that the best conditions for blanching
were in steam and water at 90 C for 4 min and in water at 80 C
for 6 min. At these temperatures the use of longer blanching times
resulted in modiﬁcations of the texture due to the thinness of the
garlic slices, since during prolonged heating the cells can separate
completely resulting in a great loss of textural strength (Kidmose
and Martens, 1999).3.3. Effect of blanching on the sugar concentrations
Table 1 shows the concentrations of inulin, glucose and fructose
in the fresh garlic and in the slices submitted to the best conditions
of blanching in steam and in water at 80 and 90 C. A possible
hydrolysis of inulin can be seen in the treatment with steam for
4 min due to the decrease in the inulin concentration and signiﬁ-
cant increase (p < 0.05) in the reducing sugar (glucose and fruc-
tose) concentrations, which could be due to the presence of the
residual inulinase activity of 18.05%. For blanching in water, there
was a signiﬁcant decrease (p < 0.05) in both the inulin and reduc-
ing sugar (glucose and fructose) contents as compared to the in
nature sample and that blanched in steam. One of the causes of
the signiﬁcant loss of these sugars in the water-treated samples
was leaching.
With respect to the reducing sugar contents of the garlic sam-
ples blanched in water at 80 and 90 C, the higher the temperature
the greater the leaching, as also observed by Pedreschi et al. (2009)
on blanching potatoes in water at 60, 75 and 90 C for 120 min. The
loss of inulin in water can also be caused by the use of high tem-
peratures, causing greater dissolution.
The signiﬁcant decrease in concentration of the inulin in the
garlic blanched in water could also be caused by depolymerization
of the inulin, due to a residual inulinase activity of 21.51% and
25.35% in water at 90 C for 4 min and in water at 80 C for
6 min, respectively. Hence considering the three blanching condi-
tions examined, steam for 4 min was considered to be the best
due to the lowest inulin losses.
3.4. Enzyme inactivation kinetics
Table 2 shows the estimations for the kinetic parameters of the
enzymes POD, PPO and inulinase. It can be seen that the reaction
velocity constants increased with increase in temperature for both
the heat resistant and heat labile components, as also observed by
Zhu et al. (2010) on studying the inactivation kinetics of PPO in ap-
ple pieces blanched at temperatures of 70–80 C. The velocity con-
stants of the heat resistant component were lower than those of
the heat labile component for the three enzymes. These same
observations were made by Morales-Blancas et al. (2002) on study-
ing the inactivation kinetics of POD in broccolis, asparagus and car-
rot at temperatures of 70–95 C using a ﬁrst order biphasic model,
who found values for kR varying from 0.004 to 0.58 min1 and for
kL from 1.50 to 19.18 min1. For Ling and Lund (1978), working
with the inactivation of pure POD in water, kR varied from 0.034
to 0.84 min1 and kL from 1.09 to 4.61 min1 at temperatures from
76.7 to 87.2 C.
The kinetic parameters (kL and kR) of the enzyme peroxidase
were higher than those obtained for the enzymes polyphenoloxi-
dase and inulinase, as also reported by Galdino and Clemente
(2008) on studying the inactivation kinetics of POD and PPO of
hearts of palm blanched in water at 65–80 C for 10 min, who
found values for kL and kR varying from 0.971 to 1.052 min1 and
0.147–0.172 min1, respectively, for POD, whilst for PPO the values
Table 2
Kinetic parameters for the inactivation of the enzymes peroxidase, polyphenoloxidase
and inulinase under different blanching conditions.
Temperature (C) kL (min1) R2 kR (min1) R2
Peroxidase
Water 80 2.898 ± 0.202 0.99 0.038 ± 0.007 0.94
Water 90 4.116 ± 0.632 0.99 0.061 ± 0.006 0.98
Steam 100 5.396 ± 0.994 0.99 0.068 ± 0.008 0.98
Polyphenoloxidase
Water 80 2.044 ± 0.032 0.99 0.031 ± 0.002 0.99
Water 90 2.123 ± 0.033 0.99 0.035 ± 0.006 0.97
Steam 100 2.197 ± 0.194 0.99 0.040 ± 0.005 0.96
Inulinase
Water 80 2.241 ± 0.161 0.99 0.030 ± 0.004 0.95
Water 90 2.244 ± 0.298 0.99 0.050 ± 0.005 0.98
Steam 100 4.110 ± 0.286 0.99 0.067 ± 0.007 0.98
Values expressed as the mean ± standard deviation.
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0.153 min1 for kR.
Cruz et al. (2006) mentioned that the peroxidase enzyme sys-
tem, found in watercress (Nasturtium ofﬁcinale), is formed by a
heat-labile fraction and a heat-resistant fraction and the biphasic
ﬁrst order model ﬁts well the experimental data of the heat
blanching processes. According to Rudra et al. (2008b), thermal
inactivation of POD at temperatures not exceeding 80–90 C has
long been observed as biphasic, the two phases with different rate
constants and the deviation from ﬁrst-order kinetics has been
interpreted due to the presence of multiple isoenzymes of different
thermal stabilities.
Rudra et al. (2008b) in study on applicability of various enzyme
inactivation models found that biphasic model provides a reason-
able good ﬁt of peroxidase inactivation data for coriander leaf ex-
tract. However, these authors mentioned that this model
assumes that the fraction of each isoenzyme remains constant as
a function of inactivation temperature and considered the Arrhe-
nius relationship between rate constants and temperature, which
does not hold true for most enzyme reactions. In the same way, Ru-
dra et al. (2008a) studied the thermal inactivation of peroxidase in
mint leaves at the temperature range of 70–100 C. They tested dif-
ferent models based on presence of two isoenzyme populations
inactivating by ﬁrst-order mechanism, such as biphasic. However,
they could not give a good ﬁt at all the temperatures and were not
physically feasible as negative parameter values were obtained
(Rudra et al., 2008a).
The activation energies (Ea) were estimated for both the labile
and resistant fractions, it was assumed that the ﬁrst-order rate
constants, kL and kR, dependence on temperature followed the
Arrhenius law (Cruz et al., 2006). The values obtained were
37.41, 4.04, 0.14 kJ mol1 (heat labile fractions of POD, PPO and
inulinase, respectively) and 50.46, 12.93, 54.46 kJ mol1 (heat
resistant fractions of POD, PPO and inulinase, respectively). Our re-
sults agree with those of Cruz et al. (2006), Morales-Blancas et al.
(2002) and Ling and Lund (1978) in studies on the thermal inacti-
vation kinetics of peroxidase, in which the values of Ea for the heat
labile fraction are higher than the values of Ea for the heat-resistant
fraction, for temperatures ranging from 80 to 90 C.3.5. Color changes
For fresh garlic the rectangular coordinates L0⁄, a0⁄ and b0⁄ were
62.55 ± 0.81, 3.45 ± 0.06 and 21.61 ± 0.46, respectively. In a study
of garlic paste, Ahmed and Shivhare (2001) found values of 69.37,
3.25 and 15.95 for L⁄, a⁄ and b⁄, respectively.
Table 3 shows the different values obtained for this parameter
during blanching in steam and in water at 80 and 90 C fordifferent times. It can be seen that the parameter L⁄ increased with
blanching time for all the treatments, showing no signiﬁcant differ-
ence as from 4 min for all the temperatures. The samples became
signiﬁcantly (p < 0.05) lighter in color with increase in tempera-
ture, and after 10 min of blanching presented values of
67.07 ± 0.09, 64.24 ± 0.17 and 65.91 ± 0.11 for steam and for water
at 80 and 90 C, respectively.
The parameters a⁄ and b⁄ decreased with blanching time for all
the temperatures, making the samples greener (a⁄) and bluer
(b⁄). There was no signiﬁcant difference (p > 0.05) in the values
for a⁄ as from 6 min in steam at 100 C, and for water at 80 C there
was no signiﬁcant difference (p > 0.05) between the times of 4–
6 min, and for water at 90 C between the times of 6 and 8 min.
There was no signiﬁcant difference (p > 0.05) in the values for b⁄
as from 8 min in steam at 100 C, as from 4 min in water at 80 C
or between the times of 4 and 6 min in water at 90 C. The samples
became signiﬁcantly (p < 0.05) bluer and greener with increase in
temperature, as also observed by Ahmed and Shivhare (2001),
who blanched garlic paste in a water bath at 70–90 C.
The value of the cylindrical coordinate Hue was 99.09 ± 0.19 in
the in nature garlic and was found in the second quadrant. The va-
lue for Hue increased with blanching indicating displacement to an
angle of 180 (a⁄, green). In steam at 100 C and water at 80 C,
the hue angle showed no signiﬁcant difference (p > 0.05) as from
8 min, and in water at 90 C, there was no signiﬁcant difference be-
tween 4 and 6 min. The samples became signiﬁcantly (p < 0.05)
greener with increase in temperature, as also observed for the rect-
angular parameter a⁄.
The value for Chroma of the in nature garlic was 21.89 ± 0.46,
and decreased with blanching time. For steam blanching at
100 C the Chroma showed no signiﬁcant difference (p > 0.05) as
from 8 min and in water at 80 C as from 4 min. For water at
90 C there was no signiﬁcant difference (p > 0.05) between 4
and 6 min. The samples became signiﬁcantly (p < 0.05) bluer with
increase in blanching temperature. The same was observed in the
evaluation of the rectangular parameter b⁄.
The browning index (BI) of the fresh garlic was 36.54 ± 1.57,
decreasing with blanching time, being signiﬁcantly lower
(p < 0.05) at higher temperatures. Both for BI and DE there was
no signiﬁcant difference (p > 0.05) as from 8 min in steam and
4 min in water at 80 C, whilst in water at 90 C there was no sig-
niﬁcant difference (p > 0.05) between 4 and 6 min. For the total
color variation (DE) there was a signiﬁcant increase (p < 0.05) with
increase in blanching temperature, indicating that the greatest dif-
ference in color from the standard sample (in nature garlic) was in
steam at 100 C as from 8 min. In a study with peppers puree car-
ried out by Ismail and Revathi (2006), submitted to water blanch-
ing at 90 and 100 C for 10 min, the total color variation also
increased with increase in temperature.3.6. Kinetics of the browning index
The browning index (BI) is an important parameter in processes
involving enzymatic browning and thus its velocity constants must
be determined.
The data did not ﬁt the classical zero and ﬁrst order models
well, obtaining coefﬁcients of determination below 0.5 for the zero
order model and below 0.7 for the ﬁrst order model. Skrede (1985)
mentioned that it is not always possible to apply the zero and ﬁrst
order models to describe the kinetics of color changes, since these
changes are not always due to the Maillard reaction, but also in-
volve the heat destruction of pigments present in the sample.
However a good ﬁt of the data was obtained when the ﬁrst order
biphasic model was employed, with coefﬁcients of determination
above 0.93 (Table 4).
Table 3
Color parameters for garlic after different times and blanching conditions.
Blanching time (min) L⁄ a⁄ b⁄ Hue Chroma IE DE
Fresh garlic 62.55 ± 0.81 3.45 ± 0.06 21.61 ± 0.46 99.09 ± 0.19 21.89 ± 0.46 36.54 ± 1.57
Steam blanching (100 C)
1 64.91 ± 0.13bA 4.54 ± 0.08aC 11.52 ± 0.20aC 111.46 ± 0.52eA 12.38 ± 0.19aC 13.61 ± 0.38aC 10.67 ± 0.20eA
2 65.38 ± 0.09bA 4.64 ± 0.02bC 10.64 ± 0.10bC 113.65 ± 0.16dA 11.61 ± 0.10bC 11.83 ± 0.16bC 11.64 ± 0.09dA
4 66.59 ± 0.12aA 4.69 ± 0.02bC 10.03 ± 0.25cC 115.31 ± 0.63cA 11.07 ± 0.22cC 10.50 ± 0.43cC 12.60 ± 0.20cA
6 66.60 ± 0.20aA 4.83 ± 0.03cC 9.12 ± 0.45dC 117.64 ± 1.26bA 10.33 ± 0.39dC 8.82 ± 0.78dC 13.47 ± 0.45bA
8 66.78 ± 0.15aA 4.84 ± 0.03cC 8.16 ± 0.17eC 120.55 ± 0.54aA 9.49 ± 0.15eC 7.21 ± 0.26eC 14.43 ± 0.13aA
10 67.07 ± 0.09aA 4.91 ± 0.07cC 7.91 ± 0.27eC 121.93 ± 0.67aA 9.31 ± 0.26eC 6.69 ± 0.40eC 14.76 ± 0.27aA
Water blanching (90 C)
1 63.10 ± 0.07bB 4.35 ± 0.08aB 12.40 ± 0.34aB 109.35 ± 0.66dB 13.14 ± 0.31aB 15.93 ± 0.67aB 9.47 ± 0.33eB
2 63.27 ± 0.08bB 4.39 ± 0.06aB 11.97 ± 0.22aB 110.10 ± 0.38dB 12.75 ± 0.22abB 15.03 ± 0.43aB 9.92 ± 0.23dB
4 64.54 ± 0.15aB 4.44 ± 0.07aB 11.34 ± 0.21bB 111.27 ± 0.57cB 12.18 ± 0.19cB 13.49 ± 0.39bB 10.75 ± 0.18cB
6 64.85 ± 0.18aB 4.61 ± 0.18bB 11.36 ± 0.10bB 112.12 ± 0.10cB 12.26 ± 0.12bcB 13.25 ± 0.12bB 10.82 ± 0.09cB
8 65.14 ± 0.21aB 4.61 ± 0.18bB 10.11 ± 0.07cB 114.50 ± 0.95bB 11.12 ± 0.05dB 11.01 ± 0.30cB 12.09 ± 0.09bB
10 65.91 ± 0.11aB 4.78 ± 0.04cB 9.13 ± 0.38dB 117.71 ± 0.79aB 10.31 ± 0.35eB 9.00 ± 0.60dB 13.24 ± 0.37aB
Water blanching (80 C)
1 62.78 ± 0.14bC 3.73 ± 0.08aA 14.46 ± 0.21aA 104.62 ± 0.41cC 14.93 ± 0.20aA 20.77 ± 0.44aA 7.36 ± 0.21cC
2 63.01 ± 0.13bC 3.82 ± 0.02aA 13.80 ± 0.10bA 105.48 ± 0.18cC 14.32 ± 0.10bA 19.29 ± 0.22bA 8.04 ± 0.10bC
4 63.70 ± 0.31aC 3.89 ± 0.13abA 12.93 ± 0.37cA 106.50 ± 0.95bC 13.50 ± 0.33cA 17.31 ± 0.80cA 9.00 ± 0.36aC
6 63.80 ± 0.10aC 3.84 ± 0.06aA 12.82 ± 0.32cA 106.64 ± 0.48bC 13.38 ± 0.30cA 17.12 ± 0.59cA 9.12 ± 0.30aC
8 64.05 ± 0.09aC 4.04 ± 0.04bA 12.80 ± 0.31cA 107.36 ± 0.37abC 13.42 ± 0.30cA 16.77 ± 0.58cA 9.19 ± 0.31aC
10 64.24 ± 0.17aC 4.22 ± 0.16cA 12.72 ± 0.23cA 108.24 ± 0.80aC 13.40 ± 0.21cA 16.35 ± 0.52cA 9.32 ± 0.23aC
Values expressed as the mean ± standard deviation.
The same small letters in the same column and at the same temperature indicate no signiﬁcant difference between the times (p 6 0.05).
The same capital letters in the same column for the same time indicate no signiﬁcant difference between the different temperatures (p 6 0.05).
Table 4
Kinetic parameters of the browning index for the different blanching conditions.
Temperature (C) kL (min1) R2 kR (min1) R2
Water 80 1.903 ± 0.206 0.99 0.010 ± 0.001 0.96
Water 90 3.581 ± 0.213 0.94 0.067 ± 0.015 0.93
Steam 100 5.259 ± 0.161 0.98 0.080 ± 0.005 0.99
Values expressed as the mean ± standard deviation.
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Fig. 2. Principal components analysis for the garlic submitted to different blanching
treatments: color parameters (L⁄, a⁄, b⁄, Hue, Chroma and BI) and the enzyme
parameters (PPO, POD and inulinase).
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crease in temperature, for both the resistant and labile compo-
nents, the velocity constants of the resistant component being
lower than those of the labile component. This same behavior
was observed in the kinetic study of the enzymes POD, PPO and
inulinase (Table 2). The orders of greatness of kL and kR were sim-
ilar to those found in the enzymatic study in this work, and varied
from 2.044 to 5.396 min1 and from 0.031 to 0.098 min1,
respectively.
The activation energies (Ea) were estimated, for both the labile
and resistant fractions of the browning index, using the Arrhenius
law. The values obtained were 67.40 and 202.81 kJ mol1 for the
heat labile and resistant fractions, respectively. Ahmed et al.
(2004) using the ﬁrst order reaction, in terms of the fractional con-
version, determined values of the activation energies for degrada-
tion of (a) and (L  a  b) in coriander leaf puree of 29.30 and
22.13 kJ/mol, respectively.
3.7. Multivariate analysis
The principal component analysis (PCA) was used to calculate
correlations between the color changes (L⁄, a⁄, b⁄, Chroma, Hue
and BI) and the enzyme activities (POD, PPO and inulinase) for
the different blanching treatments employed.
The results obtained from the PCA showed that all the origi-
nal variables (color and enzyme activity) could be reduced to
two principal components that represented 98.73% of the total
variability of the results. The ﬁrst principal component (PC1)
represented 91.33% of the total variability of the results andthe second principal component (PC2) was responsible for
7.40% of the data variance. These results conﬁrmed that the
two principal components were highly signiﬁcant in classifying
the blanching treatments.
PC1 was strongly correlated with POD (r = 0.92), PPO (r = 0.97),
inulinase (r = 0.96), BI (r = 0.99), Chroma (r = 0.99), b⁄ (r = 0.99), Hue
(r = 0.94), a⁄ (r = 0.92) and L⁄ (r = 0.87), as can be seen in Fig. 2
where, according to Kilimann et al. (2006), the measurements
more distant from zero and smaller angles between the principal
component and the variables, correspond to a strong association
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Fig. 3. Principal components analysis for the garlic submitted to different blanching treatments. (S1, S2, S4, S6, S8 and S10) = steam at 100 C for 1, 2, 4, 6, 8 and 10 min, (A1,
A2, A4, A6, A8 and A10) = water at 90 C for 1, 2, 4, 6, 8 and 10 min and (B1, B2, B4, B6, B8 and B10) = water at 80 C for 1, 2, 4, 6, 8 and 10 min.
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variables, with correlation coefﬁcients below 0.45.
Fig. 2 also shows the existence of strong correlation between
the parameters L⁄ and Hue (r > 0.94) and between the color param-
eters a⁄, b⁄, Chroma and BI (r > 0.91). The enzymes POD, PPO and
inulinase were correlated with the color parameters b⁄, Chroma
and BI (r > 0.93).
Fig. 3 shows that all the blanching treatments differed strongly
from the fresh garlic, located in the lower left hand side quadrant.
In addition the samples submitted to the different blanching treat-
ments could be divided into four different groups: the ﬁrst showed
strong correlation between steam blanching for 4, 6, 8 and 10 min
and water blanching at 90 C for 10 min, the second between
steam blanching for 1 and 2 min and water at 90 C for 4, 6 and
8 min, the third group between water blanching at 90 C for 1
and 2 min and water at 80 C for 8 and 10 min and the fourth group
showed strong correlation for water blanching at 80 C for 1, 2, 4
and 6 min.4. Conclusions
The enzymes peroxidase, polyphenoloxidase and inulinase
showed increases in enzyme inactivation and in the velocity con-
stants with increase in temperature for both the labile and resis-
tant components.
The best conditions for blanching at the three temperatures
with respect to enzyme inactivation were obtained in steam and
in water at 90 C for 4 min, and in water at 80 C for 6 min, where
the enzyme activities were reduced as follows: peroxidase by
93.53%, 91.96% and 89.77%, polyphenoloxidase by 92.15%, 89.79%
and 77.4% and inulinase by 81.96%, 78.51% and 74.66%, respec-
tively, corresponding to inulin losses of 3.72%, 24.88% and
25.58%, respectively.
The use of blanching caused signiﬁcant modiﬁcations in the
rectangular coordinates of L⁄, a⁄ and b⁄. The parameter L⁄ increased
with blanching time and with temperature, the samples becoming
lighter in color. The parameters a⁄ and b⁄ decreased with blanching
time for all treatments, obtaining greener (a⁄) and bluer (b⁄)
slices. The browning index decreased with increase in time andin blanching temperature. The results for total color difference
(DE) indicated that the greatest difference in color in relation to
the fresh sample was for the sample steam blanched as from 8 min.
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